In the present work the optimized molecular geometry and harmonic vibrational frequencies of chalcone derivative were calculated by DFT/B3LYP method with 6-31G (d,p) basis set. The vibrational assignments were performed on the basis of the potential energy dis-tribution (PED) of the vibrational modes. Natural bond orbital (NBO) analysis has been performed on title compound using B3LYP/6-31G (d,p) and HSEh1PBE /6-31G (d,p) levels in order to elucidate intermolecular hydrogen bonding, intermolecular charge transfer (ICT) and delocalization of electron density. Mulliken atomic charges, natural population analysis (NPA) and atomic polar tensors (APT) were performed. The nonlinear optical properties of the title compound are also calculated and discussed. Molecular electrostatic poten-tial and HOMO-LUMO energy levels are also computed. Ultraviolet-visible spectrum of the title compound has been calculated using TD-DFT method. The molecular orbital contributions were studied by density of states (DOSs). Global reactivity descriptors have been calculated using the HOMO and LUMO to predict compound reactivity.
Introduction
In recent times, chalcone derivatives have received great attention due to their anti-infective, especially antifungal and antibacterial activities (Zangade et ) and langmuir film (Gasull et al. 2002) . Various materials containing chalcone moiety are notable for their second harmonic generation (Goto et al. 1991) . The structure of the title compound was studied by the help of density functional theory (DFT) with B3LYP and HSEh1PBE functionals and 6-31G (d, p) basis set. The vibrational assignments have been performed based on potential energy distribution (PED). We have also performed natural bond orbital (NBO) calculation to provide a convenient basis for investigating charge transfer or conjugative interaction in molecular systems. Molecular electrostatic potential (MEP) surface and HOMO-LUMO orbitals of the title compound have been investigated by using B3LYP and HSEh1PBE levels of density functional theory (DFT) with 6-31G (d,p) as basis set. In order to show the nonlinear optic (NLO) activity of title compound, the dipole moment, linear polarizability and first hyperpolarizability were obtained. Mulliken atomic charge, natural population analysis (NPA) and atomic polar tensors (APT) were computed by DFT method. The global reactivity descriptors, namely, hardness, softness, chemical potential and electrophilicity index are also calculated to understand the reactive nature of the compound.
Computational details
All theoretical calculations were carried out with help of Gaussian 09 program package ) using B3LYP (Becke's three parameter hybrid functional with the LYP correlation functional) (Lee et al. 1988 , Becke et al. 1993 ) and HSEh1PBE (the recommended version of the full Heyd-Scuseria-Ernzerhof functional, referred to as HSE06 in literature) ) methods in conjunction with 6-31G(d, p) basis set. The molecular structure, MEP surfaces and HOMO-LUMO levels were visualized with the help of Gauss View program ). The theoretical vibrational spectra of the title compound were interpreted by means of PED using the VEDA 4 program (Jamroz et al. 2004 ). The calculated wavenumbers were scaled with scaling factor of 0.946 for B3LYP and 0.941 for HSEh1PBE. Natural bond orbital (NBO) calculations were performed using NBO 3.1 program (Glendening et al. 1998 ) as implemented in the Gaussian 09 package at the DFT/B3LYP and DFT/HSEh1PBE levels. The second order Fock−matrix was carried out to evaluate the donor (i) and acceptor (j) interaction in the NBO basis (Foster et al. 1980 Altürk et al. 2015 ). For each donor (i) and acceptor (j), the stabilization energy E (2) associated as:
The larger the E (2) value, the more intensive is the interaction between electron donor and electron acceptor, i.e. a more donating tendency from electron donors to acceptors and a greater extent of conjugation of the whole system. Ultraviolet-visible spectrum, excitation energies, absorbance and oscillator strengths for the title compound were obtained in the framework of TD-DFT (Cancès et al. 1997 , Stratmann et al. 1998 ) calculations using B3LYP/6-31G (d,p) and HSEh1PBE/6-31G (d,p) functionals. Density of state (DOS) diagram of the title compound derived using the GaussSum 2.2 program (O'Boyle et al. 2008) was used to calculate group contributions to the molecular orbitals. Molecular electrostatic potential (MEP) surfaces have been investigated by using B3LYP and HSEh1PBE levels of DFT method with 6-31G (d, p) basis set. Mulliken atomic charges, natural population analysis (NPA) and atomic polar tensors (APT) (Ferreira 1993) were calculated by determining the electron population of each atom. To study the nonlinear optical properties (NLO), parameters such as dipole moment (μ), polarizability (α) and the first-order hyperpolarizability(β) are determined using B3LYP and HSEh1PBE functionals with 6-31G(d,p) basis sets. The total dipole moments (μ), polarizability (α) and first-order hyperpolarizability (β) are evaluated using the following equations:
β tot = (β x 2 + β y 2 + β z 2 )
The complete equation for calculating the magnitude of first-order hyper polarizability from Gaussian 09 output is given as follows: 
The αtot and βtot values of Gaussian output are in atomic units (a.u.) therefore they were converted into electrostatic units (esu) (for α; 
3. Results and discussion
Optimized structure and hydrogen bonding
The bond lengths, bond angles and dihedral angles corresponding to the optimized geometry of the title compound have been obtained using the DFT/B3LYP/6-31(d,p) and DFT/HSEh1PBE /6-31(d,p) methods and the corresponding results are reported in Table 1 . The optimized geometry of the title compound is illustrated in Fig. 1 . The benzene C-C bond lengths observed in the region of 1. 
Natural bond orbital analysis
The natural bond orbital analysis have been performed by using B3LYP and HSEh1PBE methods with 6-31G (d, p) basis set. The perturbation energies of significant donor-acceptor interactions from the NBO analysis were summarized in The intra-molecular interactions due to the orbital overlap of π (C12-C17) over π* (C13-C14) and π* (C15-C16) with energies 19.18 kcal/mol and 19.60 kcal/mol, π (C13-C14) over π* (C12-C17) and π* (C15-C16) with stabilization energies 18.85 kcal/mol and 20.22 kcal/mol and π (C15-C16) over π* (C12-C17) and π* (C13-C14) with energies 21.18 kcal/mol and 18.97 kcal/mol. these six transitions correspond to three pairs of orbitals within the second aromatic ring. Further the other high energy interactions involving the delocalization of π* electrons of aromatic with the anti-bonding π* electrons of aromatic corresponds to π* (C12-C17) →π* (C10-C11) and π* (C1-C2) / π* (C7-C8) stabilizes the compound by stabilization energy in the range of 47.80107.46kJ/mol. The large hyperconjugative interaction energies which are presented in Table 2 display the presence of intramolecular charge transfer (ICT) in title compound . It is well known that ICT induce the nonlinear optical properties of molecular systems. The second order perturbation energies of significant donoracceptor interactions and occupancy of electrons and p-character in significant NBO natural atomic hybrid orbitals were presented in Table 3 . Selected bond taken from Table 3 .8083) 2 ≈ 0, 65334889, corresponding to 65.34 % localization on oxygen atom. In a similar way, the 34.66 % localization on carbon is obtained. The oxygen has larger percentage of this NBO, at 65.34 % and gives the larger polarization coefficient of 0.8083 because it has higher electro negatively. In σ (C3-N1)orbital with 1.98966 electrons has 37.82 % C3character in a sp2.06 hybrid and has 36.43% C9 character in asp 3.12 hybrid. The nitrogen has larger percentage of NBO at 62.18 % and gives the larger polarization coefficient of 0.7885 becauseof its higher electro negativity.
Frontier molecular orbital analysis
The HOMOLUMO energy gap of the title compound was computed at DFT/B3LYP/6-31G (d, p) and DFT/ HSEH1PBE /6-31G (d, p) levels. The electron density plots of the HOMO and LUMO for the title compound is presented in Fig. 2 . The energy band gap is 3.7567 eV from B3LYP and 3.4010 from HSEH1PBE shown in Fig. 2 . The small value of band gap reflects the chemical activity of the compound and encourages the application of the title compound as nonlinear optical materials. 
Molecular electrostatic potential (MESP) analysis
Electrostatic potential in the MEP plot is increasing in the order of red < orange < yellow < green < blue. Electrostatic potential surface has been plotted for the title compound with B3LYP/6-31G (d,p) basis set using the computer software Gauss view as shown in Fig. 3 . The negative regions are mainly localized on the nitro group and oxygen atom, a maximum positive region is localized on the hydrogen atoms indicating a possible site for nucleophilic attack.
Nonlinear optical properties
The non-linear optic properties (NLO) of the title compound was studied by calculating the dipole moment, polarizability and first order polarizability using B3LYP and HSEh1PBE methods with 6-31G (d,p) basis set. The NLO properties are summarized in Table 4 . 
Vibrational assignments
The title compound consists of 34 atoms, which has 96 normal modes of vibration. The vibrational band assignments were made by the aid of potential energy distribution (PED) using VEDA program. Vibrational frequency assignments of the title compound are reported in Table 5 . The calculated infrared spectra of the title compound are shown in Fig. 4 . Generally, the aromatic structure shows the presence of CH stretching vibration in the region 3100-3000 cm 1 
Percentage PED analysis is given in the brackets and PED contribution less than 10% is neglected. The C=C stretching modes are expected around 1650 to 1100 cm-1 (Clothup et al. 1990 , Roeges 1994 ) when conjugated with a carbonyl group (Socrates 1981) . The carbonyl stretching vibrations appear in the region 1750-1600 cm1. In the present case, the band calculated at 1659 cm1with PED contribution of 76 % was assigned as the carbonyl stretching vibration, which are in well agreement with the reported values for chalcone derivatives (Alwani Zainuri et al. 2017 ). The NO2 group compounds are readily identified by asymmetric and symmetric stretching bands. The asymmetric NO2 stretching vibrations are generally observed in the region 1570-1485 cm-1, while the symmetric stretch will appear between 1370-1320 cm-1 (Meislich et al. 1993 ). In the present compound, the strong band at 1400 cm−1 by DFT method has been assigned to asymmetric stretching mode of N-O. 
Global reactivity descriptors and thermodynamic parameters
Energies of frontier molecular orbitals (EHOMO, ELUMO), have been used to calculate global chemical reactivity descriptors of compounds such as ionization potential , electron affinity, electronegativity, Global hardness, global softness, chemical potential and electrophilicity index. The calculated HOMO-LUMO energies, Energy gap are presented in Table 6 . The Ionization potential (I) and an electron affinity (A) of the title compound calculated by B3LYP and HSEh1PBE levels are 6.4639 , 6.3551 eV and 2.7072 , 2.9543 eV respectively. The calculated values of the hardness, softness, chemical potential, electronegativity and electrophilicity index of our compound at B3LYP are 1,8784 , 0,9392 , -4,5855 , 4,5855 and 5,5973 respectively as shown in Table 6 . It is seen that the chemical potential of title compound is negative which means that these substances are stable. The values of some thermodynamic parameters of the title compound calculated using B3LYP/6-and 31G (d,p) HSEH1PBE/6-31G (d,p) levels are summarized in Table 6 .
Electronic properties and UV spectra
In order to recognize electronic transitions of the title compound, calculations in gas phase were performed by using TD-DFT/B3LYP/631G (d,p) for six excited states. The calculated absorption wavelengths (λ), oscillator strengths (f), and excitation energies (E) are given Table 7 . The theoretical UV-Vis spectra of the title compound are shown in Fig 5. The calculated value at 361.88 nm is attributed to HOMO→LUMO electronic transition with 97% contribution . The electronic transitions is due to n →π* transition and may be attributed to the excitation of C=O group. Gauss-Sum 2.2 program was used to calculate group contributions to the molecular orbitals and prepare the density of states spectrum in Fig. 5 .
Mulliken population analysis and natural population analysis
The calculated Mulliken charge values are listed in Table 8 . The better represented graphical forms of our results were depicted in Fig. 6 . The magnitude of the carbon atomic charge is found to be positive and negative. The magnitude of the hydrogen atomic charges is found to be only positive and is arranged in an order from 0.079012 to 0.144755 for title compound. The maximum atomic charge is obtained for C9 when compared with other atoms. This is due to the attachment of negatively charged carbon C9 atom. Negatively charged lone pair oxygen (O3) atom shows that charge is transferred from C to O (C9→O3). 
Conclusion
The optimized geometrical parameters of title compound were performed and analyzed using DFT calculation based on B3LYP and HSEH1PBE levels of theory with the standard basis set 6-31G (d, p). The vibrational wavenumbers, infrared intensities and force constants were calculated and a complete vibrational analysis of the title compound has been carried out. The dipole moment, polarizability and first order hyperpolarizability of the studied compound have been calculated by DFT method which indicated that the title compound is a material which has substantial nonlinear optical character. The frontier molecular orbitals have been visualized and the HOMO-LUMO energy gap has been calculated and can be used to estimate the ionization potential, electron affinity, electronegativity, electrophilicity index, global hardness, softness and chemical potential of the compound. Finally, all these results displayed that the title compound exhibits considerable NLO properties.
